ABSTRACT The effects of the male to female mating ratio on the heterophil to lymphocyte ratio and duration of tonic immobility (indicators of stress and fearfulness, respectively) were analyzed in two different experiments with different group sizes. In Experiment 1, four different mating ratios (1:11, 1:5, 1:3, and 1:1) and 10 different Spanish breeds of chickens were used; each breeding pen had 12 birds. In Experiment 2, two different mating ratios (1:11 and 1:1) and four breeds were analyzed; 60 birds were used. There were significant differences among mating ratios (P < 0.001) for the heterophil to lymphocyte ratio in females of both group sizes. Hens housed with a mating ratio of 1:1 had higher heterophil to lymphocyte ratios than did hens housed with a 1:11 mating ratio in the group with 12 birds (0.53 vs. 0.35) or that with 60
INTRODUCTION
Five to seven cocks per 100 hens are sufficient for maximum fertility in chickens (Funk and Irwin, 1955) , and each breeding flock usually is 6 to 7% males for layer breeders and 8 to 10% for broiler breeders. As a comparison, the basic social unit in the Red Junglefowl consists of a dominant male with a harem of about 4 to 12 females. Casanovas and Wilson (1999) showed that a mating ratio of 1:10 gives the best fertility because it combines a good level of mating activity with relatively low interference and aggression. However, due to problems with male aggression, some breeding companies recommend placing fewer males at 21 wk of age (8%) and adding more males (15%) at a later age (Brake et al., 1998) . High male to female mating ratios are likely to maximize fertility and are the best option in conservation flocks, in order to reduce the negative consequences of harems on the effective population size. However, excessive male to female ratios can stress both sexes. On the contrary, cutting 2002 Poultry Science Association, Inc. Received for publication November 5, 2001 . Accepted for publication March 7, 2002. 1 To whom correspondence should be addressed: jlcampo@inia.es. 1099 birds (0.76 vs. 0.37). Hens in a mating ratio of 1:1 had significant heterophilia and lymphopenia (P < 0.001). The 1:5 and 1:3 male to female mating ratios did not differ significantly from the 1:11 mating ratio. The effect of the group size was significant when the mating ratio was 1:1 but not when it was 1:11. There was no significant difference among mating ratios in terms of tonic immobility for hens. Cocks housed with a mating ratio of 1:1 and a group size of 60 birds showed shorter duration of tonic immobility (P < 0.05) than did cocks housed with a 1:11 mating ratio (203 vs. 296 s). The results suggest that very high mating ratios should not be used in conservation populations because it increases physiological and psychological stress responses. the proportion of males allows savings in space and feed and also results in more uniformity of progeny by increased selection intensity.
The present study was designed to test the relationships between the male to female mating ratio, duration of tonic immobility (a useful index of fearfulness in fowl; Gallup, 1979) , and heterophil to lymphocyte ratio (an index of stress in chickens; Gross and Siegel, 1983) in hens and cocks. Because the increase of the group size may influence bird welfare, the study considered two different group sizes (12 and 60 birds). Other studies with Gallus gallus have used groups ranging from five to 48 birds, suggesting that these values maximize the group stability (Lindberg and Nicol, 1996) .
MATERIALS AND METHODS
Six different Spanish breeds of chickens (Andaluza, Castellana, Leonesa, Prat, Vasca, and Villafranquina) and a synthetic breed were used in the current study. Andaluza and Castellana are white shell egg layers, whereas Leonesa and Prat are tinted shell egg layers, and Vasca and Villafranquina lay brown and dark brown shell eggs, respectively. Three varieties of the Andaluza (Barred, Black-Red, and Blue) and two varieties of the Prat (Buff and White) were included in the study. All of these breeds were maintained at the experimental station of "El Encín" (Madrid, Spain) in a conservation program of genetic resources that was started in 1975 (Campo and Orozco, 1982) . They have been described by Campo (1998) . The synthetic breed originated from an F 2 cross between Castellana and Buff Prat (Campo and Orozco, 1986) .
In Experiment 1 (groups of 12), we used a total of 480 birds (120 males and 360 females), and divided them among four groups. Group 1 comprised 120 birds (10 males and 110 females), 12 birds of each breed (one male and 11 females), housed at 30 wk of age in small breeding pens with a mating ratio of 1:11. Group 2 comprised 120 birds (20 males and 100 females), 12 birds of each breed (two males and 10 females), housed in small breeding pens with a mating ratio of 1:5. Group 3 comprised 120 birds (30 males and 90 females), 12 birds of each breed (three males and nine females), housed in small breeding pens with a mating ratio of 1:3. Finally, Group 4 comprised 120 birds (60 males and 60 females), 12 birds of each breed (six males and six females), housed in small breeding pens with a mating ratio of 1:1. In Experiment 2 (groups of 60), a total of 480 additional birds (140 males and 340 females) was used, divided in two groups. Group 1 comprised 240 birds (20 males and 220 females), 60 birds of each Castellana, Buff Prat, Vasca, and the synthetic breed (five males and 55 females), housed in large breeding pens with a mating ratio of 1:11. Group 2 comprised 240 birds (120 males and 120 females), 60 birds of each breed (30 males and 30 females), housed in large breeding pens with a mating ratio of 1:1.
On 2 different d, birds were tested for heterophil to lymphocyte ratio and tonic immobility duration at 40 wk of age. To obtain the heterophil to lymphocyte ratio, birds were carried to a separate room, and blood was immediately collected. Two drops of blood were taken from a small puncture in the comb of each bird, one drop each being smeared one of two glass slides. The smears were stained using May-Grü nwald and Giemsa stains (Lucas and Jamroz, 1961) , approximately 2 to 4 h after preparation with methyl alcohol fixation. One hundred leukocytes, including granular (heterophils, eosinophils, and basophils) and nongranular (lymphocytes and monocytes), were counted on one slide of each bird, and the heterophil to lymphocyte ratio was calculated.
Tonic immobility was induced as soon as a bird was caught, by placing the bird on its back with the head hanging in a U-shaped wooden cradle (Jones and Faure, 1981) . The bird was restrained for 10 s. The observer sat in full view of the bird, about 1 m away and fixed his eyes on the bird because of the fear-inducing properties of eye contact. If the bird remained immobile for 10 s after the experimenter removed his hands, a stopwatch was started to record latencies until the bird righted itself. If the bird righted itself in less than 10 s, then it was considered that tonic immobility had not been induced, and the restraint procedure was repeated. If the bird did not show a righting response over the 10-min test period, a maximum score of 600 s was given for righting time.
A two-way analysis of variance (Sokal and Rohlf, 1981) was used according to the following model: x ijk = µ + T i + B j + TB ij + ε ijk . In this model, x ijk is the analyzed measurement (heterophil to lymphocyte ratio, heterophil number, lymphocyte number, or tonic immobility duration), µ is the overall mean, T i is the effect of the mating ratio treatment (i = 1...4, and i = 1...2 in Experiments 1 and 2, respectively), B j is the effect of breed (j = 1...10, and j = 1...4 in Experiments 1 and 2, respectively), TB ij is the interaction of breed and mating ratio treatment, and ε ijk is the residual.
The number of cocks (hens) in the individual subclasses was unequal, with k being 1, 2, 3, or 6 (11, 10, 9, or 6) in Experiment 1 and 5 or 30 (55 or 30) in Experiment 2. Mating ratio treatment and breed were considered fixed effects. Significant differences among mating ratios or breeds were evaluated using the Student-Newman-Keuls' multiple-range test (Snedecor and Cochran, 1980) . Square root (heterophil to lymphocyte ratio) or logarithmic (tonic immobility duration) transformations were used for analyses of variance, but actual mean values are presented.
RESULTS
Mating ratio and breed were significant sources of variation (P < 0.001) for the heterophil to lymphocyte ratio and for heterophil and lymphocyte numbers for females in Experiment 1 (groups of 12). Mating ratio by breed interaction was significant for these traits. The mating ratios differed, although they kept their rankings in all breeds (quantitative interaction), and overall significances of main effects were valid. Mean values indicating the effect of mating ratio and breed are summarized in Table  1 . The heterophil to lymphocyte ratio was significantly higher within the 1:1 mating ratio group than within the 1:11 mating ratio group of hens. The Black-Red Andaluza had heterophil to lymphocyte ratios that were significantly higher than the others, except the synthetic breed. The Villafranquina had the lowest value, although it differed significantly only from the Black-red Andaluza and the synthetic breed.
In hens housed with a 1:1 mating ratio, there was a significant increase in heterophils, together with a corresponding significant decrease in lymphocytes. The highest number of heterophils was in the Black-Red Andaluza, whereas the lowest was in the Villafranquina. The BlackRed Andaluza had the lowest number of lymphocytes, and White Prat had the highest. The tonic immobility duration was not significantly different among the mating ratio groups of hens, but breed effects and the breed by mating ratio interaction were significant (P < 0.001). The Barred Andaluza showed the longest tonic immobility duration, whereas the Buff Prat showed the shortest duration.
The effect of mating ratio was not significant for any analyzed measurement (heterophil to lymphocyte ratio, heterophil and lymphocyte numbers, and tonic immobility duration) for males in Experiment 1. Breed was a significant source of variation (P < 0.001) on the heterophil Means within the same variable and column with no common superscript differ (P < 0.05).
to lymphocyte ratio and heterophil and lymphocyte numbers; mating ratio by breed interaction was significant for lymphocyte number. Mean values indicating the effect of mating ratio and breed are summarized in Table 2 . Although not significant, there was a consistent trend toward an increase the heterophil to lymphocyte number, together with an increase in heterophil number and a decrease in lymphocyte number, when the male to female mating ratio increased from 1:11 to 1:1. The synthetic breed had the highest value for the heterophil to lymphocyte ratio and heterophil number and the lowest value for lymphocyte number. White Prat cocks had the lowest heterophil to lymphocyte ratio and the highest lymphocyte number. The lowest heterophil number was that of the Villafranquina cocks. Means within the same variable and column with no common superscript differ (P < 0.05).
Mating ratio and breed were significant sources of variation (P < 0.001) on the heterophil to lymphocyte ratio and heterophil and lymphocyte numbers for hens in Experiment 2 (groups of 60). Mating ratio by breed interaction was significant for these traits, but it was due to a change in scale and not to a change in ranking (quantitative interaction). The overall significances of main effects were valid.
Mean values indicating the effect of mating ratio and breed are summarized in Table 3 . The heterophil to lymphocyte ratio was significantly higher within the 1:1 male to female mating ratio group than within the 1:11 mating ratio group of hens. In the group with a 1:1 mating ratio, there was a significant increase in heterophil number, together with a corresponding significant decrease in Means within the same variable and column with no common superscript differ (P < 0.05).
lymphocyte number. The heterophil to lymphocyte number was significantly lower in the Buff Prat. Hens of this breed had significantly lower heterophil number and higher lymphocyte number, whereas those of the synthetic breed had significantly higher heterophil number and lower lymphocyte number. Mating ratio, breed, and mating ratio by breed interaction were not significant for the duration of tonic immobility. Mating ratio and mating ratio by breed interaction were not significant for heterophil to lymphocyte ratio, heterophil number, or lymphocyte number for males in Experiment 2. Breed was a significant source of variation (P < 0.001) in all cases. Mean values indicating the effect of mating ratio and breed are summarized in Table 4 . Although it was not significant, the heterophil to lymphocyte number was appreciably higher when the male to female mating ratio was 1:1. Cocks of the Prat breed had heterophil to lymphocyte ratios significantly lower than cocks of the other breeds; they had significantly lower heterophil numbers and higher lymphocyte numbers. Duration of tonic immobility of cocks housed with the 1:1 mating ratio was significantly shorter (P < 0.05) than that of those with the 1:11 mating ratio. Breed and mating ratio by breed interaction were not significant for this trait.
DISCUSSION
The effect of the male to female mating ratio on the heterophil to lymphocyte ratio was significant in females, Means within the same variable and column with no common superscript differ (P < 0.05).
whether housed in groups of 12 or 60 birds. In both cases, the heterophil to lymphocyte ratio was significantly higher when the mating ratio was 1:1 than when it was 1:11 (heterophilia and lymphopenia). This fact suggests that hens were more stressed when the number of cocks in the group was greater. It is possible to recommend equal number mating ratios but, based on stress reasons, it should not be done. Because the 1:5 and 1:3 male to female mating ratios did not differ significantly from the 1:11 mating ratio, it is suggested that in conservation flocks it is possible to use one cock for each three hens without causing problems related to bird welfare. The 1:1 male to female ratio is the nearest to that used in commercial practice (Funk and Irwin, 1955; Casanovas and Wilson, 1999) , whereas the 1:5 mating ratio approximates that recommended in spiking programs of broiler breeders (Brake et al., 1998 ). An attempt was made to study the effect of the group size (60 vs. 12) simultaneously to that of the mating ratio, as the same mating ratios (1:11 and 1:1) and breeds (Castellana, Buff Prat, Vasca, and synthetic) were used in Experiments 1 and 2. A three-way analysis of variance was used according to the following model: x ijkl = µ + T i + G j + B k + TG ij + TB ik + GB jk + TGB ijk + ε ijkl . In this model, T i is the effect of the mating ratio (i = 1...2), G j is the effect of the group size (j = 1...2), and B k is the effect of breed (j = 1...4). The effect of the group size was significant when the mating ratio was 1:1 but not when it was 1:11.
In the former the heterophil to lymphocyte ratio was significantly higher when the group size was 60 birds (0.76) than when it was 12 birds (0.57), whereas in the latter the heterophil to lymphocyte ratios were similar (0.37 and 0.34, respectively). This finding suggests that a group of 60 birds may or may not stress hens, depending on the male to female mating ratio. Similarly, the heterophilia and the lymphopenia were significant with 60 birds (33.03 vs. 26.44, and 51.02 vs. 57.70) but not with 12 birds (21.60 vs. 20.44, and 65.93 vs. 67.44) . A group of 12 birds is "natural" in Gallus gallus, whereas 60 birds in a group is higher than that observed in wild populations (Lindberg and Nicol, 1996) .
The male to female mating ratio did not significantly affect the duration of tonic immobility of hens in either group size. This finding suggests that the changes in stressfulness were not accompanied by changes in fearfulness, and that birds that are more stressed (higher heterophil to lymphocyte ratio) might not necessarily have behavior that is more fearful (higher tonic immobility duration).
Similar to what was observed in females, there was an appreciably although not significant increase in the heterophil to lymphocyte ratio of cocks when they were housed with a mating ratio of 1:1, in comparison to that of the 1:11 mating ratio, together with consistent heterophilia and lymphopenia. When both group sizes were compared, considering the same mating ratios and breeds in both experiments, no significant effect was found. The heterophil to lymphocyte ratios were similar when the group was 60 or 12 birds, either for a mating ratio of 1:11 (0.49 and 0.41, respectively) or a mating ratio of 1:1 (0.62 and 0.63, respectively).
In contrast, males showed significant differences in duration of tonic immobility depending on the male to female mating ratio, when they were housed in a group of 60 birds. There was a significant decrease in tonic immobility reaction when the mating ratio was 1:1 in comparison when it was 1:11. This fact suggests that the fearfulness of cocks is the least (more aggressiveness) when there are 30 males and 30 females in each pen and that birds with shorter tonic immobility duration have higher heterophil to lymphocyte ratio and vice versa.
In summary, the increase of the male to female mating ratio from 1:11 to 1:1 was accompanied by significant increase of the heterophil to lymphocyte ratio of hens independently of the group size and significant decrease of tonic immobility duration of cocks when the group size was large. It is concluded that very high mating ratios should not be used in conservation populations because it increases physiological and psychological stress responses.
